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The measurement of transition moments is an important method of testing nuclear models. In particular, the E2 moments of the 2 + 0 transitions in the ground-state collective bands of even-even nuclei have yielded much information on the nature of these bands. In the present work we have measured the 2 + 0 and several higher ground-band E2 moments (lifetimes) in each of three even-even Er nuclei, using a recoil-distance method. These nuclei were produced in the reactions 120 • 122 • 124 sn(Ar, 4n) 1 5 6 ,l5 8 ,l60Er.
The recoil-distance Doppler-shift method 1 is well suited to measure halflives in the range 10-9 to lo-12 sec. 2 -5 Basically the method consists of ' stopping part of the excited nuclei recoiling from a thin target with a · movable plunger placed closely behind the target. The fraction of the nuciei that live long enough to reach the plunger before emitting their radiation UCRL-18702 -2-will-yield a normal gamma-ray line, whereas the rest will decay in flight and ! yield a Doppler-shifted line. By varying the distance ofi the plunger from the target, the fraction of unshifted transitions can be changed, and one can obtain the half-life of the transition i f the velocity of the recoiling nucleus is· also known.
The (Ar,4n) reaetion produces a tightly collimated .beam of product nuclei recoiling along the beam direction. Using a Ge(Li) detector at 0° to the beam direction, we were able to resolve completely the shifted and unshifted lines for all transitions over ~100 keV. The average recoil velocity could be obtained directly from the fractional energy difference of the shifted and unshifted lines, after a correction was made for the finite solid angle of the detector (the effective angle is different from 0° for large solid angles).
The lead-covered plunger was attached to a precision micrometer with which its position could be adjusted to ±0.002 mm. The targets were 1 mg/cm 2 thick metallic foils of separated tin isotope's which were supported over seven closely- tfon. Simultaneous least-square fits to the following two sets of data (6 + 4 and 4 + 2 above) are made with. their two lifetimes as the only additional ' variables. A modified program was also used in which two components of different intensity and half-life were allowed to feed the highest state for which data were being considered. Addition of a second (slower) component turned out to be of significance in the case of 158 Er, but of little importance for l56,160Er.
A number of corrections had to be considered. 6 An important one was that due to attenuation of the angular distribution of the gamma radiation by the large hyperfine field (-40 Mgauss) acting. at the nucleus when the highly stripped target ion recoils into vacuum. 7 ,
8 . This caused a maximum correction of 6% for half-lives of the order of 3x10-ll seconds. Small corrections for differences in absorption, efficiency, and effective solid angle between the shifted and unshifted lines were also made.
There are several sources of error. Although we do not know the absolute distance between the target and plunger to better than ±0.02 mm, this does not contribute any error to the lifetime determinations of the individual rotational transitions, as each of these is measured relative to the preceding transition. The target and :plunger are neither fle.t nor parallel to each other within±o.02 mm, which gives rise to instrumental limiting slopes corresponding t l .
-12 o a mean 1fe of~3Xl0 sec. However, the rotational transitions
..
are determined appreciably better than this by considering not the slope of a transition, but its separation from that of the preceding transition. In addition, there are possible errors in deducing the average velocity of the recoiling nuclei from the difference in energy of the Doppler-shifted and unshifted peaks. Seven determinations of this difference show a maximum range of ±2% from the average value, and this error cancels out completely in the 1 ratio of two half-lives measured in the same experiment. It should be noted ~ that the 2 -+ 0 transitions in 158 , 160 Er were determined in separate experiments using a longer recoil chamber and somewhat thinner targets. The most significant error for the fast transitions is in the peak area integrations. The spectra are not particularly clean, and·a small extraneous peak could cause a systematic err.or in the integration of a particular line. The uncertainty introduced by the integrations is estimated to be ±O. 47xlo-12 sec for 160 ' 158 Er and ±0. 66xlo -l 2 sec for 156 Er which has somewhat poorer spectra. An error of ±5% has been set for the best transitions to account for other systematic errors and for the fact that a number of corrections (mentioned above) ranging up to a few percent in magnitude had to be made to the raw data~ -5-UCRL-18702 with the rigid-rotor limit; 160 however, those for Er probably fall below this limit for high spin values and may even show an absolute decrease for the. highest spirt values,·whereas those for the other two nuclei probably go above this limit. In fact, the B(E2) values for 156 Er are fit about as well by the vibrator limit, as might be expected from the energy..,.level spacings in this nucleus.
Since the more vibrational nuclei start with smaller B(E2; 2 -+ 0) values than the rotors, but increase more rapidly with increasing spin, there is a tendency for the. B(E2) values to become the same at higher spins. Thus for the .three nuclei studied here the spread between the B(E2; 2 -+ 0) values is a factor of 2. 5, but between the B(E2; 6 -+ 4) values it is only a factor of 1. 3. This type ·of behavior has already been noted for the transition' energies of even-even nuclei at high spin, 9 and suggests that the difference between the rotational-"
and vibrational-type nuclei near the ground state may be disappearing with increasing angular momentum.
It is also of interest to compare the B(E2) values with the predictions of the centrifugal stretching mode1. 10 The last column in Table I The values of experimental ~are taken from fits to the energy levels.
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The/B(E2) values do not increase as much as predicted by this model for Er. Thus, in this nucleus centrifugal stretching is not the only change taking place with increasing angular momentum.
This conclusion has previously been reached in other similar cases based on 12 13 1) the mixing of the ground-and S-bands, ' k 14-18 19 wor , 3) the ~-mesic X-ray studies, and 2) the Mossbauer isomer-shift 4) theoretical calculations.
• 21
It i_s generally supposed that the other important change occurring with increasing angular momentum is a reduction of the pairing correlations due to the - 'and it will be of interest to see if this reflects a general difference between 'rotors and vibrators, or is just something peculiar to these three cases.
This type of half-life measurement has been shown to give sufficient · accuracy to distinguish among alternative models for the collective band of.
even-even nuclei. It can also obviously be used to measure.many other life-
9
-12 times in the range 10--10 sec, where, in general, high precision will be . 152 20 . 168 less critical. We have made measurements on the react1on, Sm( Ne,4n) Hf, and these studiesappear to be feasible on reactions of this type, although the problem of side feeding has not been fully evaluated in this case. It seems clear that this method can produce much systematic information on lifetimes and feeding times following (HI,xn) reactions.
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